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Hydraulic structures
at a crossroads towards
the Sustainable
Development Goals
Hydraulic structures engineering is one of the most important fields of civil
and environmental engineering with challenges arising from new and complex
environmental issues, the refurbishment of aging infrastructure, and the need
to increase resilience to climate change.
The IAHR Technical Committee on Hydraulic Structures purpose is to champion
the subject area of hydraulic structures in an era of increasing specialisation
in the hydraulic profession. There are important new developments in the
planning, design, construction, and life cycle maintenance of hydraulic struc-
tures that need to be addressed by both researchers and practitioners.
Hydraulic structures at a crossroads towards
the Sustainable Development Goals
Authors: Stefan Felder 1, Sebastien Erpicum 2, Sean Mulligan 3, Daniel Valero 4, David Zhu 5 and Brian Crookston6.
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Introduction
Hydraulic structures have supported the
development of societies for millennia
and continue to be an integral part of
global water infrastructure. The design
and proper operation of these engineered
structures are based on their purpose and
priorities. Engineering of these important
pieces of water infrastructure requires a
specialised understanding of how water
interacts with the structure to ensure
maximum safety and functionality. Some
of the largest hydraulic structures are
found in dams forming reservoirs for
domestic and agricultural water supply,
flood protection, hydroelectric power
generation, recreation, and other uses.
They include water intakes, spillways,
stilling basins, channels, and fishways.
Other hydraulic structures may be rela-
tively small (e.g., water intakes, irrigation
diversions, etc.), or blend into the natural
or urban environment (e.g., nature-like
fishways, levees, stormwater networks,
etc.). Others support basic domestic
services and economic activities. Such
structures include barrages, navigation
locks, different water conveyance works
(e.g., aqueducts, and sewage conveyance
and treatment systems), flood protection
works, seawalls, wave breakwaters, and
harbour structures. For those hydraulic
structures performing under extreme
operational conditions, stringent safety
requirements are paramount.
With sustainability at the fore of the global
water agenda, the value available from
integrating sustainable designs in hydrau-
lic infrastructure must not be overlooked,
given their significance in creating long
term, multifaceted positive impacts on
society. Currently many projects have
multiple purposes and perhaps conflicting
functions and impacts. Therefore, it is
imperative that the design of hydraulic
structures use the most sustainable
solutions in a holistic way (Erpicum et al.
2021) whilst also not overlooking project
objectives such as meeting economic
requirements, minimizing risks, complying
with regulations, and avoiding impacts
on heritage sites. It is clear from these
challenges that the design of hydraulic
structures needs to be versatile, which
also necessitates an understanding that
hydraulic structures are part of larger
interdependent systems that need to be
considered collectively.
As humankind aims to create more
sustainable and just societies, hydraulic
structures have a role to play. With the
endeavour to achieve the Sustainable
Development Goals (SDGs) at the fore
of global discussion, hydraulic structures
engineers are well positioned to provide
technical solutions to significantly impact
not only SDG 6 (Clean Water and Sanita-
tion), but many other goals (Gene et al.
2020, or more widely Schleiss, 2017,
among others). Furthermore, the United
Nations’ Intergovernmental Panel on
Climate Change (IPCC 2014, 2021) has
recently highlighted the urgent need to
address SDG 13 (“Take urgent action to
combat climate change and its impacts”),
where hydraulic structures can make a
profound positive contribution. In the past,
the design and construction of hydraulic
structures has been largely dominated
by performance and cost considerations.
Now with a shift towards sustainability,
engineers must also look beyond the ba-
sic meaning of sustainability; for example
by including aspects related to human
rights and social justice, which are key
components of the fundamental frame-
work of the SDGs.
At this crossroad on the evolution of the
hydraulic structures discipline, this white
paper identifies essential elements of
sustainability that hydraulic structures
engineers may contribute to the SDGs.
The role of hydraulic structures
in a changing world
The world is rapidly changing, and water-
engineering infrastructure must evolve
to balance different societal goals. Whe-
reas hydraulic structures may often be
misunderstood, overlooked, or at times
even ignored by the public benefiting
from them, they continue to play a critical
role by providing urban and irrigation
water supply, flood protection, hydropo-
wer generation, and shipping capabilities,
among others (Figure 1). Some current
major global water challenges that ne-
cessitate the use of hydraulic structures
are briefly described here.
Engineers must also look
beyond the basic meaning
of sustainability; for exam-
ple by including aspects
related to human rights and
social justice, which are key
components of the funda-
mental framework of the
SDGs.
Drought and flood resilience in a changing
climate: Changes in rainfall patterns
(IPCC 2021) together with a growing
global population may pose increasing
stress in regions that have not experien-
ced droughts in the past or are already
on the edge of water resources scarcity.
For instance, in the Southwest and Central
Plains of the United States of America,
droughts are expected to become more
intense, and they are projected to occur
more frequently and last longer in the
future (Cook et al. 2015). More extreme
droughts most probably would call for
more interannual regulation of water
storage, which would require improved
Figure 1 | Typical hydraulic structures. (a) An urban weir in Maastricht, the Netherlands, left embankment about to overflow during flood event (photo D. Valero);
(b) a giant tangential vortex drop shaft at one of the London Thames Tideway deep sewer conveyance systems (courtesy www.tideway.london); (c) original gated
spillway at Lake Townsend used for water supply and flood protection (courtesy Schnabel Engineering); (d) Wivenhoe Dam, QLD, Australia during a spilling event
in February 2011 (photo S. Felder); and (e) rock ramp fishway in the USA (courtesy L. Aadland).
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water management schemes and greater
reservoir storage capacity. At the same
time, more intense precipitation events
(IPCC 2021) may cause more intense
flooding in parts of the world (Hirabayashi
et al. 2013) such as that caused by Hurri-
cane Ida in the USA. More frequent floods
or increased demands on these structures
often necessitate additional maintenance
and inspection for preparedness, and,
in cases where deficiencies are noted,
capacity increases may be required toge-
ther with additional responses to reduce
risk. If humanity fails to adapt, the cost
may inevitably be high (IPCC 2014). These
observations contrast with the static, rigid
design of hydraulic structures, developed
under the assumption of stationary hydro-
logy, and call for reassessment of the
intensity and magnitude of precipitation
events of a given return period.
The age of zero-carbon emissions:
Hydropower is an efficient low-carbon
energy option, both for generation and
storage, that can contribute to the shift
towards a zero-carbon future. Many exis-
ting hydropower projects will need to be
maintained for operation beyond their
original design life. Energy storage will
also play a significant role in the transition
to a clean energy future. Large-scale
pumped-storage hydropower schemes
provide a way to store energy efficiently
(Rogner and Troja, 2018). For instance,
Wivenhoe Dam (Figure 1d) provides not
only drinking water and flood mitigation
for Brisbane, but also serves as the lower




hydropower scheme. Many more such
pumped-storage hydro schemes are
under construction or in the planning
stages, such as the Snowy 2.0 scheme
in Australia; Cobbs Creek in Virginia, USA;
and a multitude of schemes in China
(IHA 2021).
Critical water infrastructure: Hydraulic
structures indirectly support the economy.
Often, they operate in the background,
providing water and wastewater services
and urban drainage, enabling electricity
generation and industrial production as
well as supporting local and global ship-
ping routes. Intense rainfall, like the recent
extreme events in Zhengzhou, China and
in Western Europe, can however exceed
the infrastructure capacity, leading to
significant urban damage, sewer overflow
related pollution, and wastewater treat-
ment issues. Noteworthy examples of
urban hydraulic structures (Figure 1a) to
address these challenges include deep
tunnels for stormwater management,
reduction of combined sewer overflows
and prevention or mitigation of storm
geysers. Examples of such structures are
Chicago’s TARP system and London’s
deep sewer conveyance system (Figure
1b). In these schemes, challenges related
to the safe conveyance of combined
sewer flows through significant elevation
differences in a small horizontal footprint
were overcome using giant vortex drop
structures, which efficiently dissipate the
flow energy whilst limiting the volume of
air entrained in downstream conveyance
tunnels. With careful consideration for
design, modelling and structural material
composition at early planning stages, these
examples demonstrate how technical and
sustainable innovative solutions are evol-
ving in the hydraulic structures field to
futureproof critical water infrastructure
and to safeguard the environment.
Although these projects are exemplary in
demonstrating the impact of sustainable
and innovative design, there is a continued
need for investment and technical inno-
vative solutions to increase future urban
resilience.
Aging water infrastructure: Aging in-
frastructure is a serious worldwide issue
4
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that requires major investment and care-
ful consideration. As an example, (Figure
1c) shows a flood control/water supply
reservoir in the USA with a gated spillway
affected by alkali-silica reaction (ASR),
which causes loss of concrete strength.
This spillway was later replaced with a
labyrinth weir to increase the operational
discharge range and to improve public
safety. More broadly, most of the world’s
large dams were built more than 50 years
ago, i.e., they have passed their design life
and many dams require special attention
(Perera et al. 2021). The severe spillway
damage of the Oroville Dam in California
in 2017, caused by the uplift of a concrete
slab during operation, linked to inadequate
maintenance of the spillway and poor
construction, has shown that critical water
infrastructure not only must be built
according to its design, but it must also
be properly maintained (and inspected)
to ensure safe and proper performance
during operation. Many existing large
hydraulic structures remain in operation
much longer than what was originally
intended at the time of their design.
Therefore, their design capacity may no
longer be adequate for today’s conditions.
In addition, assumptions made regarding
their design and construction may be
outdated, calling into question the ability
to function, the benefits, and the safety
of these structures in the future. A long
lifespan can be a challenge for owners,
who must ensure that critical knowledge
is not lost as personnel retire. If there is
no good documentation of history, data,
specific events, etc., proper maintenance
becomes a challenge. This concern also
applies to nature-like hydraulic structures
(Figure 1e), whose designs can be com-
plex and whose proper maintenance and
inspection are critical to ensure operation
as rivers shift and change with time.
Essential elements of sustainable
hydraulic structures engineering
Erpicum et al. (2021) described the avai-
lable tools to embrace a more sustainable
perspective for hydraulic structures.
With the previously outlined challenges,
the following essential elements of sus-
tainable hydraulic structures engineering
are envisioned to have positive impacts
on the SDGs.
Ethical decision making: Hydraulic struc-
tures engineers, as well as any other
engineer, have a moral and ethical obli-
gation to act in the best interest of
society (Layton 1986, Waller et al. 2021)
with safety as the highest priority. It is
not just about what an engineer can
technically achieve in the design of a
hydraulic structure. More generally,
hydraulic structures engineers have a
moral responsibility to consider each
situation holistically and critically while
being stewards of the project goals to
meet client expectations. Historically, this
responsibility has been challenging, as
client objectives and wider stakeholder
interests and priorities often do not align.
Yet, hydraulic structures are systems
shared between interests regarding the
well-being of the environment, society,
economy, and cultural heritage. Therefore,
ethical judgement by hydraulic structures
engineers is crucial. A shift in ethical
decision making must also occur in the
context of human rights. For example,
access to clean water and sanitation is
a human right (United Nations 2010) that
unfortunately many still do not have.
Therefore, engineers should not only
continue to develop solutions that thriving
societies may afford, but they should also
shift their thinking to adapt and transfer
these solutions to be fundamentally
affordable in low to middle income
countries (e.g., nature-based schemes
using locally available skillsets, materials,
and resources).
Considering the challenges that the world
faces, hydraulic structures engineers
have a moral obligation to contribute to
the achievement of the SDGs.
Any anthropogenic intervention into a
natural river system has an impact on
local, downstream, and upstream eco-
systems (Gill et al. 2019). Society, inclu-
ding the hydraulic structures engineers
responsible for the design of weirs, di-
version structures, etc. in these systems,
must look at their impact comprehen-
sively. Considering the challenges they
face, hydraulic structures engineers
must value nature highly and limit nega-
tive impacts on natural ecosystems.
Hydraulic structures may not only im-
pact flora and fauna but also local popu-
lations and their heritage and livelihoods.
Such impacts are significant and must
be assessed properly during the early
stages of a project. History has shown
that if people must be resettled, the
impacts to their families, their livelihoods,
and even their culture can be severe.
Their voice in the decision-making pro-
cess must be respected and a proper
compensation should be provided. For
many indigenous cultures, water bodies
are of particular importance. Raising
water levels for the creation of reservoirs
can lead to the destruction of sacred
sites and loss of cultural heritage, such
as in the Columbia River Basin in the
north-western USA. While hydraulic
structures engineers may not be directly
a b
c d
Figure 2 | Hydraulic structures designed to minimise environmental impacts: (a) aeration cascade in Cameroon to reaerate oxygen depleted waters (courtesy
T. Guillemot); (b) cool-water release incorporated into the Linville labyrinth spillway (courtesy L. Feimster); (c) alpine lake with hydropower and new fish ladder
in Idaho, USA (photo B. Crookston); and (d) staged nonlinear weir in Belgium to control water level in a rehabilitated wetland area (photo S. Erpicum).
involved in the decision making, they
must act consistently with the profes-
sional engineering ethics should local
communities be impacted or treated
unfairly.
Inclusiveness: Hydraulic structures have
a legacy of being designed largely by men.
Although improvements have been made
recently towards diversity and inclusive-
ness, additional efforts are still much
needed. Considering that SDG 5 aims to
achieve gender equality and empower all
women, this goal should be prominent.
As a next step, the hydraulic structures
profession needs to listen to these groups
regarding ways to best encourage and
welcome participation of female and non-
binary colleagues. This step provides the
foundation for more diverse considerations
on how best to contribute to the SDGs.
At the same time, cultural diversity and
heritage should be embraced to foster
global learning and best practice for hy-
draulic structures engineers in a culturally
sensitive way. Attracting members of
other underrepresented groups, such as
people from indigenous communities, can
help achieve this goal.
Shifting the paradigm towards sustai-
nability: To achieve this shift towards
sustainability, the following changes in
hydraulic structures engineering practice
should be considered:
Hydraulic structures engineers should
always aspire for the most sustainable
solution, without compromising the
safety and performance of a hydraulic
structure. Such a solution should pro-
vide the best possible outcome for
human settlements and the wellbeing
of societies without compromising
ecosystems and environmental qua-
lity.
This shift can be achieved through
open and healthy discussions on the
best sustainable way forward between
engineers and society generally, which
will lead to a wider acceptance of deci-
ded-upon solutions.
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Recent progress in building with nature-
based approaches should be embraced
by designers of hydraulic structures as
part of a drive for innovative sustainable
alternative designs. For already impac-
ted ecosystems, restoration to a more
natural state is an option. The hydraulic
structures engineer is best positioned
to assess the potential to remove or
alter an existing structure to provide
the best comprehensive sustainable
engineering solution (Figure 2).
As part of this discussion, hydraulic
structures engineers provide critical
perspectives when the infrastructure
must be robust and indeed when safety
considerations are of paramount im-
portance. The assessment of the best
sustainable solution must combine safe
operation under climate change sce-
narios, minimizing risks associated with
both potential catastrophic failures of
hydraulic structures and routine opera-
tions, life-cycle assessment of the struc-
ture, seismic activities, environmental
prerogatives, and other engineering
considerations such as geotechnical,
structural, and operational aspects that
could compromise safety. While safety
is crucial, a best sustainable option
always exists.
The real carbon footprint of human in-
frastructure must be carefully conside-
red (Calamita et al. 2021) and reduced
to mitigate climate change during cons-
truction, operation, and decommissio-
ning. This may be achieved only if it
becomes an essential part of the project
design stage and is addressed explicitly
or even evaluated in the tender. IPCC
(2014) highlights the significant contri-
bution that engineers need to provide
to adapt for climate-induced impacts
as soon as possible. Hydraulic structures
should play a key role in this adaptation.
More sustainable practices in infrastruc-
ture settings (e.g., sustainable drainage
systems in urban landscapes) are often
decentralised and local. There is an emer-
ging opportunity for the involvement
of hydraulic structures engineers in assis-
ting in the design and construction of
6
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eco-friendly water conveyance systems
(Figure 2). Local small-scale structures
provide sizeable opportunities, particu-
larly in rural and developing countries,
such as more environmentally friendly
culvert and weir systems, ultra-low
head hydropower, small-scale pumped-
storage hydro schemes, or operational
planning for coping with intense rainfall-
runoff events. Figure 2 illustrates diffe-
rent sustainable hydraulic structures
including a 3-m high aeration cascade,
one of the key elements put in place to
mitigate the adverse impacts on water
quality of the Lom Pangar reservoir in
Cameroon, in particular dissolved oxygen
concentration decrease (Figure 2a); a
4.5-m tall labyrinth weir in Linville, North
Carolina, with a cool water release for
environmental flows (Figure 2b); a high
mountain reservoir in Idaho equipped
with a small hydropower unit serving
the local community and also a fishway
to facilitate aquatic migration impeded
by the small dam (Figure 2c); and a
0.5-m high type B Piano key weir with
30 units, four of which have a lower
crest level representing a very effective
solution to maintain sufficient water
level in a rehabilitated wetland area at
Domaine de Chevetogne, in Wallonia,
Belgium, in a large range of discharge
while avoiding the need for a mechanical
system and accommodating flood-risk
requirements (Fig. 2d).
Communication and training:
Improving communication and training
is a key strategic requirement:
It is essential, that when developing
complex, technical, hydraulic structures
projects, that the risks are well commu-
nicated to be easily understood by the
public. To achieve and improve positive
impacts, feedback from stake-holders
must be sought at early project stages.
It is common to encounter conflicting
opinions regarding a project among the
public. Therefore, communication is key
to reach a proper resolution that considers
all impacted parties. Indeed, as hydraulic
structures are typically designed to last
for decades extending potentially to cen-
turies, communication is not only essential
during the planning and design phases,
but also during life-cycle management
efforts. This way, newer generations can
become aware of the project purposes
and benefits.
Existing and future generations of engi-
neers must be trained in the design of
sustainable hydraulic structures, inte-
grating sustainable engineering alterna-
tives, societal responsibilities, and client
expectations. This inclusive multidisci-
plinary training must occur at universi-
ties and in the industry (e.g. FutureDAMS
2018-2021).
Working together: To contribute to the
SDGs, hydraulic structures engineers
must embrace multidisciplinary approa-
ches and consider other perspectives
with similar sustainability objectives.
Besides interaction with owners, opera-
tors, regulators, and other engineering
specialists, sustainable solutions require
interaction with all other stakeholders in
a project involving a hydraulic structure:
As active collaborators, hydraulic struc-
tures engineers must work with all groups
who use the water infrastructure or are
affected by it, including local communi-
ties, stakeholders, politicians, and other
non-engineering professionals. To date,
the majority of hydraulic structures have
been centred around civil engineering,
perhaps based on the expectation that
the civil engineer is generally knowled-
geable in many disciplines including
mechanical and electrical systems, ins-
trumentation, control, and automation
during the investigation, planning, desig-
ning, and modelling stages of water
infrastructure projects. By embracing
an interdisciplinary approach, other
communities including scientists, acti-
vists, investors, etc. could become invol-
ved to strengthen the overall hydraulic
structures community further.
Ecologists, biologists, conservationists
and other flora and fauna experts should
be consulted during the planning stages
of a water project to assess the existing
local flora and fauna population and
potential adverse effects of new water
infrastructure. The involvement of such
specialists is important to fully evaluate
the environmental impacts of existing
or planned infrastructure projects, and
their assessment may even result in the
cancelation of a project. In other instan-
ces, potential adverse ecological impacts
can be mitigated through engineering
creativity. For example, (Figure 3) shows
an array of buoyancy automated tidal
gates which restore natural water levels
in a wetland in Australia, which is inclu-
ded in the Ramsar list of wetlands of
international importance, helping to
encourage the natural regeneration of
a salt marsh, an important habitat for
threatened species.
Working together with multidisciplinary
experts also is essential in the assess-
ment of desirable ways for dealing with
aging hydraulic structures, including
their maintenance/adaptation or decom-
missioning/removal. The issue of aging
water infrastructure becomes even more
critical in countries with limited capabi-
lities to enforce safety regulations, and
where political decisions may prioritize
short-term fixes over long-term safety.
In conjunction with others, hydraulic
structures engineers must provide an
honest assessment of the need for a
particular piece of infrastructure and
offer best practice and careful considera-
tion for its decommissioning/removal
(Habel et al. 2020). Keeping in mind the
lessons learned from the past century,
hydraulic engineers must also have the
courage to acknowledge, understand
and improve on mistakes made in past
projects, that resulted in a detrimental
effect on the environment and local
communities. For example, an aging
dam that is no longer needed (or where
the environmental and social benefits
outweigh the need to retain the dam)
should be decommissioned once societal
and water engineering related aspects
have been thoroughly considered.
Large-scale water infrastructure often
uses large quantities of concrete, thereby
contributing to greenhouse-gas emis-
sions. While hydraulic structures require
sufficient weight to maintain their safety,
less-carbon intensive concrete alterna-
tives should be considered through active
collaboration with peers in the field of
material sciences and structural engi-
neering. High impact examples include
the use of recycled waste components
in concrete or more environmentally
friendly components (Monteiro et al.
2017). Preference should be given to
materials that can be 100% recycled at
the end of a project lifecycle. For instance,
stainless steel, which is recyclable, has
been used in some recent projects of
piano key weirs (Erpicum et al. 2017).
Enhanced interaction and collaboration
between industry, local government, and
researchers is needed to release the full
innovation potential of hydraulic struc-
tures engineers. Current obstacles are
safety considerations and access to
industry data. Prototype observations
and data often are available to dam
designers and practitioners, although
such data are rarely shared with the
research community out of fear of losing
a competitive advantage or of exposing
potential weaknesses of some hydraulic
structures. Making such sensitive data
available would enable a better unders-
tanding of flow processes based on
the performance of full-scale structures
and would therefore facilitate important
hydraulic structures innovations.
Innovations: Creative and innovative
solutions that support more sustainable
operations and address some of the
current major global water challenges
should be embraced. As outlined in the
earlier discussion of essential elements
to sustainability, hydraulic structures
engineers can contribute in multiple ways
to the SDGs. A paradigm shift towards
the most sustainable hydraulic structure
solutions will provide innovation incentives
for both hydraulic structures researchers
and practitioners. An example of such in-
novation is the increasing use of non-linear
weirs (Figure 4a and 4b) in refurbishing
structures. This innovation increases the
discharge capacity and helps avoid subs-
tantial structural modifications, which
otherwise would have been needed to
meet future hydrological stresses.
Another example is the use of hydraulic
structures for natural flow aeration of
oxygen depleted waters rather than the
use of energy intensive aerators (Figure
2a), or a variety of engineering fishway
solutions to provide passage of fish across
barriers (Figure 4c and 4d), such as the
innovative Tube Fishway (Peirson et al.
2021).
Technological advances: Rapid develop-
ments in technology and digitalisation
have occurred over the last thirty years
(Valero et al. 2021) providing new opportu-
nities for the design, construction, and
operation of hydraulic structures. Already
existing technological solutions, like re-
mote sensing via satellite or Unmanned
Aerial Vehicles (UAVs), are step-changing
the way in which we monitor and assess
the operational performance of hydraulic
structures. High-level sensors installed
within water networks and conveyance
infrastructure can be utilised to develop
digital twins to provide new levels of safety
assessment and actionable insights for
the operations of hydraulic infrastructure.
These advances in technology integrated
within the Internet of Things and Artificial
Intelligence systems (Savic 2019) should
be embraced by hydraulic structures engi-
neers, as they reduce cost and provide
effective monitoring of existing structures
and important background data for the
planning and design of future structures.
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Figure 3 | Buoyancy automated tidal gates control tidal flows into Tomago Wetland, NSW Australia (courtesy Water Research Laboratory, UNSW Sydney)
Discussion/Challenges
It is clear from the above essential ele-
ments of sustainable hydraulic structures
engineering, that there is large scope and
opportunity for this discipline to contribute
to the SDGs. However, it is also clear that
shifting existing practices within engi-
neering will be challenging. That said,
these challenges can indeed be addressed
through training, communication, and
better interaction among professionals
in academia, government, and industry.
Some of the critical challenges to the
essential elements of sustainable hydraulic
structures engineering are elaborated
here along with a discussion and outlook
on potential solutions.
Monetary constraints: Current practice in
the planning and construction of water
infrastructure involves considerations of
significant capital costs. While sustainability
is often acknowledged, in past practice,
the lowest tender for projects often won
the bid. A sustainable hydraulic structure
can indeed be expensive, but by its defini-
tion, could often be the most affordable
in the long term, when all hidden total life
cycle costs are considered. A proposal
with lower operation and maintenance
costs, environmental impact, and maximum
safety may well come out as the most
favourable proposal, when both capital
and operational expenditures over a 50-
to-100-year lifecycle (or even longer) are
considered. Furthermore, current practices
often fail to account for the carbon and
ecological footprint of projects (Wackernagel
and Rees 1998), and other environmental
impacts. Quantifying and monetising these
impacts over the full life cycle of an infras-
tructure project will provide additional
incentives to consider the most sustainable
solution during planning stages. This action
means that the hydraulic structure best
aligned with the SDGs may well be the
most cost-efficient solution. Monetisation
of negative environmental impacts is a
key tool to counter climate change, e.g.,
carbon offsetting or emissions trading
schemes. These schemes may need to
be expanded and strengthened to combat
the imminent effects of climate change.
Low- and middle-income countries: Some
countries have substantial water infras-
tructure, including shipping routes, multi-
purpose dams for clean water supply,
storm- and wastewater systems, yet
currently they do not have sufficient water
infrastructure for sanitation or water supply
reaching all strata of their population. The
largest impact of achieving the SDGs will
be in these countries, although the greatest
challenges may exist here. For example,
only about 33% of India's wastewater is
treated and therefore, according to one
estimate, a US$257-billion water infras-
tructure funding gap exists (Nikore and
Mittal 2021). With approximately 1000
treatment plants available across India,
there is a need for increased treatment
capacity requiring significant urban drai-
nage systems and hydraulic infrastructure.
It is likely that these would have to be
centralised in urban areas until viable de-
centralised alternatives become available.
Similar requirements exist in many parts
of the world and are not just limited to
wastewater systems, but they can be
found also in all other areas of water
infrastructure such as water supply, flood
mitigation, drainage, and shipping, for
example (Fig 5). A central part of the SDGs
is the challenge of how to develop and build
water infrastructure in a way that is sus-
tainable but at the same time, financially
affordable. Donor incentives and financing
mechanisms are potential solutions to
achieve sustainability, where industrialized
countries must be actively involved.
Political decisions: Decision makers set
the policy framework at a local, national,
and global level to address pressing issues
such as water security, loss of biodiversity
and climate change. Global organisations
such as the United Nations and related
agencies play an important role in setting
the overarching targets and directing the
political discourse, while national and
local governments are responsible for
actual, on the ground activities. Positive
examples of global activities are the SDGs
and the climate change meetings and
agreements, although further action is
needed in this regard. However, national
governments have no binding require-
ments to meet their commitments.
Political discourse and resulting diplomatic
pressure are often the most promising
non-binding approaches to encourage
them to meet commitments. Political
decisions at national level directly respond
to the need for action, e.g., decisions on
Figure 4 | Hydraulic-structure innovations: (a) piano key weir and gates on St. Marc Dam, France (photo S. Erpicum); (b) staged labyrinth weir on Hope Mille Dam,
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climate change targets, setting of carbon
prices, or other activities targeting lower
emissions and improved water quality. In
the field of hydraulic structures, such
decisions may include the commitment
to develop new pumped-storage hydro
schemes that will be crucial for a low
emissions future. Other decisions may in-
volve the decommissioning of dams that
have become redundant or improvements
in ecosystem management. However, deci-
sions may vary as political parties alternate
in power, and where monetary constraints
dominate, as for example in cases where
other societal needs (e.g., transport,
communications) are prioritised over water.
That said, water infrastructure remains
one of the most important elements of
strategic infrastructure because secure
access to clean water and sanitation for
all people is fundamental. The SDGs are
a promising common umbrella that may
bring societies and their political leaders
together in understanding the pivotal role
that sustainable hydraulic structures
engineering will play in future years as
demonstrated through various examples
provided in this white paper.
Water infrastructure




to clean water and
sanitation for all people
is fundamental.
Conclusions
This white paper argues that hydraulic
structures engineers must embrace a
more environmentally friendly and socially
conscious vision for the future to help
achieve the Sustainable Development
Goals (SDGs). Several essential elements
of sustainable hydraulic structures engi-
neering that are core to progress towards
these goals were identified and examples
of how designers can move the state-of-
practice forward in a positive way were
presented. The current times are charac-
terised by accelerated climate change,
by the need for a more fair and just society,
and by the continuing evolution of infor-
10
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New, sustainable infrastructure provides
important productivity gains in addition
to long-term benefits to the society and
the environment under shifting goals
as populations grow and progress is made
on different fronts. Although sustainable
solutions may seem more expensive
based on their short-term costs, accoun-
ting for their long-term benefits can make
them much more competitive. Aiming at
achieving the SDGs, designers must come
together across academia, industry, and
government sectors to take responsibility,
advise, and inform political decisions
in the development of a framework that
enables deep and continued progress
across the water industry.
mation technology. Designers must posi-
tively contribute to this change by provi-
ding practical solutions to climate change
adaptation, by considering water infras-
tructure holistically within the society, and
by embracing technological advances and
digitalisation. To support the endeavour
of achieving the SDGs, hydraulic struc-
tures engineers must work together with
all other relevant disciplines, keeping an
open mind on how to achieve the best
possible sustainable outcome for water
infrastructure that benefits both the
society and the environment. This para-
digm shift places sustainability in the
front and must be supported by political
decision makers.
Figure 5 | Hydraulic structures as critical infrastructure: (a) Eupen Dam contributing to flood mitigation during July 2021 flood in Belgium (photo S. Erpicum);
(b) one of 29 ship locks along the Caledonian Canal in Scotland enabling shipping between Inverness and Fort William (photo S. Felder); (c) Great Salt Lake West
Crack Breach for environmental flows (photo B. Crookston); (d) Upper reservoirs of 1,200 MW Coo pump-storage hydropower plant in Belgium (courtesy Engie);
(e) Speicherstadt (City of Warehouses, UNESCO World Heritage Site) and the HafenCity (Hamburg, Germany) with extensive, integrated flood defense systems
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Summary
Hydraulic structures have supported the development of societies for millennia
and continue to be an integral part of global water infrastructure. Engineering
of these important pieces of water infrastructure requires a specialised unders-
tanding of how water interacts with the structure to ensure maximum safety
and functionality. With sustainability at the fore of the global water agenda,
the value available from integrating sustainable designs in hydraulic infrastructure
must not be overlooked, given their significance in creating long term, multi-
faceted positive impacts on society.
As humankind aims to create more sustainable and just societies, hydraulic
structures will therefore have a role to play. With the endeavour to achieve
the Sustainable Development Goals (SDGs) at the fore of global discussion,
hydraulic structures engineers have the skills to provide technical solutions
which can make a profound positive contribution to many of the SDGs.
In the past, the design and construction of hydraulic structures has been
largely dominated by performance and cost considerations. This white paper
argues that hydraulic structures engineers must now embrace a broader
vision for the future with more environmentally friendly and socially conscious
considerations. At this crossroad on the evolution of the hydraulic structures
discipline, this white paper identifies essential elements of sustainability that
hydraulic structures engineers may contribute to the SDGs.
